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1
FRAME STEP-OUT DETECTING SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a frame step-out

detecting system in data transmission and, more particu-
larly, to a frame step-out detecting system in a transmis-
sion system using a convolutional code.

In a digital communication system, the transmission
speeds (bit rates) of N parallel channels connected to
both ends of a transmission path are an integer multiple
of 2,400 Hz, respectively. The frame clock of a multi-
plexer and a demultiplexer for connecting these low-
rate channels to a modulator and demodulator have a
frequency 2,400 Hz. When the transmission path of the
communication system has a transmission speed of 14.4
kbps (kilo bit per second) or less, the modulation and
demodulation speeds of the MODEM are 2,400 Hz, and
the modulator and the demodulator use clock signals
commonly with the corresponding multiplexer and the

demultiplexer, respectively. In this case, the modulation

clock of the transmission side and the demodulation
clock of the reception side are synchronized when the
demodulator receives data correctly. At the same time,
the frame clocks of the transmission side multiplexer
and the reception side demultiplexer are also automati-
cally synchronized. Therefore, no particular synchro-
nizing means 1s needed.

When the transmission speed is larger than the above
value, however, e.g., when the system has a transmis-
sion speed of 19.2 kbps, the modulation and demodula-
tion speeds are 19,200-+-7=2,742.85 Hz since transmis-
sion is performed in units of 7 bits, and the modulator

and the demodulator cannot use clock signals com-

monly with the corresponding multiplexer and the de-
multiplexer, respectively. In this case, a synchronizing
means 18 needed since the multiplexer and the demulti-
plexer are not automatically synchronized with each
other even when the modulator and the demodulator
are synchronized with each other.

Conventionally, a frame step-out detecting means in
data transmission detects frame step-out by inserting a
frame sync signal having a specific pattern into a data
string to be transmitted. Since such conventional frame
step-out detecting system inserts the frame sync signal
which does not have data to be transmitted, the data
transmission speed is always lower than the transmis-
sion speed in a transmission path. This poses a critical
problem in a system wherein data transmission is per-
formed with a maximum communication capacity of a

transmission path, as in data transmission using a tele-
phone network.

SUMMARY OF THE INVENTION

It i1s a object of the present invention to provide a
frame step-out detecting system which detects frame
step-out without inserting the frame sync signal.

The frame step-out detecting system according to the
present invention comprises: on a transmission side, first
violation means for subjecting data to be transmitted to
violation, and modulating means for modulating a car-
rier by an output from the first violation means and
outputting it to a transmission path; and on a reception
side, demodulating means for demodulating a signal
supplied from the transmission path, second violation
means for subjecting an output signal from the demodu-
lating means to violation, and error detecting means for
monitoring an internal state of the second violation
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means, detecting a step-out of violation in the first and
second violation means, and outputting a signal repre-
senting a frame step-out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an embodiment of the
present invention;

FIG. 2 is a block diagram of another embodiment of
the present invention; and

FIG. 3 1s a block diagram of still another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. |

FIG. 1 is a block diagram of a frame step-out detect-
ing system according to an embodiment of the present
invention.

In FIG. 1, data to be transmitted 1s input to an input
terminal 1 and is subjected to violation so that, when a
frame step-out occurs, data of the reception side always
includes an error. Referring to FIG. 1, a data signal to
be transmitted is input from the input terminal 1 and
input to an input terminal 2ag of a convolutional encoder
2. The convolutional encoder 2 uses, e.g., a circuit de-
scribed in U.S. Pat. No. 4,077,021. The convolutional
encoder 2 encodes an input signal to a data word (Q2,
Q1, QO0) consisting of 3 bits and outputs the bits Q2, Q1,
and QO in a parallel manner from its output terminals 25,
2¢, and 24, respectively. The output terminals 26 and 2¢
of the convolutional encoder 2 are directly connected
to input terminals 7a and 76 of a modulator 7, and its
output terminal 24 1s connected to one input terminal of
an exclusive OR circuit 6. The other input terminal and

the output terminai of the exclusive OR circuit 6 are

connected to the output terminal of an exclusive OR
circuit S and an input terminal 7c¢ of the modulator 7,
respectively.

One 1mnput terminal of the exclusive OR circuit 5 is
connected to an input terminal 3 which receives a trans-
mission frame sync signal WT synchronized with the
data signal. The other mnput terminal of the exclusive
OR circuit 5 is connected to an output terminal 4q of a
pseudo-random number generator 4.

An output terminal 7d of the modulator 7 is con-
nected 1o one end of a transmission path 8, and the other
end of the transmission path 8 1s connected to an input
terminal 94 of a reception side demodulator/determina-
tor 9. The demodulator/determinator 9 outputs the bits
of demodulated/determinated 3 bits data word (Y2, Y1,
YD) from its corresponding output terminals 94, 95, and
9¢. The output terminals 92 and 96 of the demodulator/-
determinator 9 are directly connected to input terminals
14a and 14b of a Viterbi decoder 14. The Viterbi de-
coder 14 is known as a decoder for a convolutional code
and 1s reported 1n an article entitled “The Viterbi Algo-
rithm”, PROCEEDING OF THE IEEE, Vol. 61, No.
3, March 1973, pp 268-278.

An output terminal 9¢ of the demodulator/determina-
tor 9 is connected to one input terminal of an exclusive
OR circuit. 13. The other input terminal of the exclusive
OR circuit 13 1s connected to the output terminal of an
exclusive OR circuit 12. One input terminal of the ex-
clusive OR circuit 12 is connected to the output termi-
nal of a pseudo-random number generator 10 for gener-
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ating a random number rR of the same series as that
generated by the pseudo-random number generator 4.
The other input terminal of the exclusive OR circuit 12
is connected to an input terminal 11 for receiving a
frame sync signal WR.

- One output terminal 144 of the Viterbi decoder 14 is
connected to a reception data output terminal 16, and
the other output terminal 14¢ thereof is connected to the

Input terminal of an error detector 15 for detecting
decoding error.
The operation of the frame step-out detecting system

shown in FIG. 1 will be described. The convolutional
encoder 2 encodes the transmission data received at its
input terminal 2a and outputs an output word code (Q2,
Q1, QO0) consisting of 3-bit parallel data from its output
terminals 25 to 2d. The exclusive OR circuit 5 outputs
an exclusive logical sum (WTPrT) of the frame sync
signal WT and the pseudo-random number rT output
from the pseudo-random number generator 4. The ex-
clusive OR circuit 6 outputs a code signal Q0, which is
an exclusive logical sum QOPB(WTDHrT) of a code sig-
nal Q0 output from the output terminal 2d of the convo-
lutional encoder 2 and the signal (WT@rT). The modu-
lator 7 modulates a carrier signal with the input trans-
mission word (Q2, Q1, Q0) consisting of 3-bit parallel
data and outputs a modulated signal to the transmission
path 8. The demodulator/determinator 9 demodulates
and determines the signal received via the transmission
path 8 and outputs a word (Y2, Y1, Y0) as 3-bit determi-
nation data. The upper 2 bits Y2 and Y1 of the word
(Y2, Y1, YO0) are directly input to the Viterbi decoder
14. At the same time, the exclusive OR circuit 12 out-
puts an exclusive logical sum (WR@rR) of the frame
sync signal WR and the pseudo-random number rR
output from the pseudo-random number generator 10.
The exclusive OR circuit 13 outputs, to the input termi-
nal 14¢ of the Viterbi decoder 14, a_code signal YO
which is the exclusive logical sum YOD(WRPrR) of

the code signal YO0 output from the output terminal 9¢ of 40

the demodulator/determinator 9 and the signal
(WR®@rR). In this case, if the phases of the frame sync
signals W'T' and WR of the transmission and reception
sides and the phases of the transmission and reception
side pseudo-random number generators 4 and 10 are
synchronized, the code signal YO0 is equal to QO0, and an
error occurs only in the transmission path 8. If the
above phases are stepped out, the code signal YO0 is not
equal to QO0, and an error occurs. Since this error is
greatly larger than an error occurring in the transmis-
sion path 8 and continuous, it can be detected by the
error detector 135. The error detector 15 can be a circuit
which receives a pathmetric from a Viterbi decoder and
generates an error detection signal when the rate of
increase over time of the minimum value of the path-
metric exceeds a predetermined value, or a circuit
which receives a pathmetric from a Viterbi decoder and
generates an error detection signal when the difference
between the maximum and minimum values of the path-
metric exceeds a predetermined value.

As described above, the phases of the transmission
and reception side frame sync signals WT and WR, and
the phases of the transmission and reception side pseu-
do-random number generators 4 and 10 are synchro-
nized. Phase synchronization is performed again when a
large, continuous error during transmission is detected
by the error detector 15. As a result, a frame step-out
can be reliably detected.
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FIG. 2 1s a block diagram of a frame step-out detect-
Ing system according to another embodiment of the
present invention.

In FIG. 2, the same portions as in FIG. 1 are denoted
by the same reference numerals. The arrangement of
FI1G. 2 1s different from that of FIG. 1 in the following
respects. More specifically, on the transmission side, a
transmission frame sync signal WT from a terminal 3 is
input to a pseudo-random number generator 17. A pseu-

do-random number r'T output from the pseudo-random
number generator 17 is input to one input terminal of an

exclusive OR circuit 6. On the reception side, a recep-
tion frame sync signal WR from a terminal 11 is input to
a pseudo-random number generator 18. A pseudo-ran-
dom number rR output from the pseudo-random num-
ber generator 18 is input to one input terminal of an
exclusive OR circuit 13.

The operation of the frame step-out detecting system
of the arrangement shown in FIG. 2 will be described.
A convolutional encoder 2 encodes transmission data
received at its input terminal 2a and outputs an output
word (Q2, Q1, Q0) consisting of 3-bit code parallel data
from its output terminals 256 to 2d. The exclusive OR
circuit 6 outputs a code signal Q0 which is an exclusive
logical sum (QO0&rT) of the code signal Q0 and the
pseudo-random number r'T output from the pseudo-ran-
dom number generator 17. Therefore, a modulator 7
modulates a carrier signal with a transmission word
(Q2, Q1, Q0) of input 3-bit parallel data and outputs a
modulated signal to a transmission path 8. A demodula-
tor/determinator 9 demodulates and determines the
signal received via the transmission path 8 and outputs
an input word (Y2, Y1, Y0) which is 3-bit determination
data. The exclusive OR circuit 13 outputs a code signal
Y0 which is an exclusive logical sum (YOPIR) of the
code signal Y0 and the pseudo-random number rR out-
put from a pseudo-random number generator 18. In this
case, when the transmission and reception side frame
sync signals WT and WR are synchronized, the code
signal YO0 1s equal to QO0, and an error occurs only on the
transmission path 8. When a step-out occurs, the code
signal YO0 is not equal to QO, and an error occurs. Since
this error is greatly larger than an error occurring in the
transmission path 8 and continuous, it can be detected
by an error detector 15, in the same manner as in FIG.
1.

In the embodiments of FIGS. 1 and 2, the output
word from the convolutional encoder 2 and the input
word to the demodulator/determinator 9 are 3-bit data.
However, the present invention is not limited to this.

FIG. 3 1s a block diagram of a frame step-out detect-
Ing system according to still another embodiment of the
present invention. In this embodiment, 16 16 matrix
dots are transmitted at a transmission speed of 2,743 Hz
(2,400 8/7) on a transmission path.

Data to be transmitted is input from an input terminal
20 and 1s encoded by a trellis encoder 21 to a predeter-
mined trellis code. An output from the trellis encoder 21
1s input to a mapping circuit 22. Mapping is performed
such that the trellis state is disordered whenever the
phase of the carrier is revolved by N X 90° by the map-
ping circuit 22, i.e., when the point arrangement of the
data 1s revolved by NX90°, An output from the map-
ping circuit 22 is supplied to a phase revolution circuit
23 and is phase—revolved In accordance with an input
from an M-series generator 24. A 2,400-Hz frame clock
1s supplied from a terminal 27 to a frequency divider
which performs 1/7 frequency division, and a 342-Hz
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reset signal from the frequency divider 26 1s supplied to
the M-series generator 24. The M-series generator 24
outputs bits at a rate of 2 bits/baud. When the 2 bits are
00, 01, 10, and 11, phase revolution of 0°,4-90°,4 180°,
and +-270° are performed by the phase revolution cir-
cuit 22, respectively. A modulator 25 modulates a car-
rier signal with the output from the phase revolution
circuit 23 and transmits a modulated signal onto a trans-
mission path 30.

The signal transmitted via the transmission path 30 is
demodulated by a demodulator 31. An output from the
demodulator-31 is input to a phase revolution circuit 32
and is phase-revolved by an output from an M-series
generator 33. The M-series generator 33 outputs bits in
units of 2 bits. When the 2 bits are 00, 01, 10, and 11,
phase revolution of 0°, —90°, —180°, and —270° are
performed by the phase revolution circuit 32, respec-
tively. A 342-Hz signal output from a frequency divider
34 is supplied to the M-series generator 33 as a reset
signal. The frequency divider 34 frequency-divides a
2,400-Hz reception frame clock by 7.

An output from the phase revolution circuit 32 is
supplied to a determinator 35 to be determined 1n a
predetermined manner, and is decoded by a Viterbi
decoder 36. An output from the Viterbt decoder 36 is
supplied to a terminal 38. The state of the Viterbi de-
coder 36 is monitored by a trellis monitor circuit 37.
When the transmission and reception side M-series pha-
ses coincide, i.e., when the phases of the transmission
and reception side frame clock coincide, the trellis mon-
itor circuit 37 determines that the trellis state is normal
and no error has occurred.

As described above in detail, according to the frame
step-out detecting system of the present invention,
transmission data is subjected to violatton. Therefore,
when a frame step-out occurs, an error always occurs in
reception data, and a reception error can thus be reli-
ably detected. A frame step-out can be reliably detected
without using a frame sync signal and without decreas-
Ing the transmission speed.

What is claimed is: |

1. A frame step-out detecting means comprising:

on a transmission side, a convolutional encoder for

encoding data to be transmitted into a N-bit convo-
lutional code and outputting N —1 bits of the con-
volutional code to a modulating means, a first pseu-
do-random number generator for generating a first
pseudo-random number, a first exclusive OR cir-
cuit for obtaining an exclusive logical sum of the
first pseudo-random number of a transmission
frame sync signal, a second exclusive OR circuit
for obtaining an exclusive logical sum of an output
from said first exclusive OR circuit and the remain-
ing 1 bit of the N-bit output from said convolu-
tional encoder, said modulating means for receiv-
ing the N—1 bits of the N-bit output from said
convolutional encoder and an output bit from said
second exclusive OR circuit and modulating a car-
rier thereby;

a transmission path for transmitting an output from

said modulating means to a reception side; and

on the reception side, demodulating means for de-

modulating a transmission signal from said trans-
mission path and outputting N parallel bits, N—1 of
those bits being applied directly to a Viterbi de-
coder, a second pseudo-random number generator
for generating a second pseudo-random number, a
third exclusive OR circuit for obtaining an exclu-
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sive logical sum of a reception {frame sync signal
and the second pseudo-random number, a fourth
exclusive OR circuit for obtaining an exclusive
logical sum of the remaining 1 bit of the N-bit
output from said demodulating means and an out-
put from said third exclusive OR circuit, said
Viterbi decoder for receiving the N—1 bits of the
N-bit output from said demodulating means and an
output bit from said fourth exclusive OR circuit,
decoding them, and outputting reception data, and
means for monitoring an internal state of said
Viterbi decoder and detecting a frame step-out.

2. A frame step-out detecting system comprising;:
on a transmission side, a convolutional encoder for

encoding transmission data to an N-bit convolu-
tional code N—1 bits of said convolutional code
being output to a modulating means, a first pseudo-
random number generator for generating a first
pseudo-random number 1n response to a transmis-
sion frame sync signal, a first exclusive OR circuit
for obtaining an exclusive logical sum of the re-
maining i bit of the N-bit output from said convolu-
tional encoder and the first pseudo-random num-
ber, said modulating means for receiving the N—1
bits of the N-bit output from said convolutional
encoder and an output bit from said first exclusive
OR circuit and modulating a carrier thereby;

a transmission path for transmitting an output from

said modulating means to a reception side; and

on the reception side, demodulating means for de-

modulating the transmission data from said trans-
mission path and outputting N parallel bits, N—1 of
those bits being applied directly to a Viterbi de-
coder, a second pseudo-random number generator
for generating a second pseudo-random number, a
second pseudo-random number, said Viterbi de-
coder for receiving the N—1 bits of the N-bit out-
put from said demodulating means and an output
bit from said second exclusive OR circuit for ob-
taining an exclusive logical sum of the remaining 1
bit of the N-bit output from said demodulating
means and the second exclusive OR circuit, decod-
ing them, and outputting reception data, and means
for monitoring an internal state of said Viterbi
decoder and detecting a frame step-out.

3. A frame step-out detecting system comprising:
on a transmission side, an encoder for encoding data

to be transmitted in accordance with a predeter-
mined trellis, mapping means for mapping an out-
put from said encoder such that the trellis state is
disordered whenever the phase of a transmission
carrier is revolved by an integer multiple of 90°,
first phase revolution means for subjecting an out-
put from said mapping means to M1X90° phase
revolution where M1 (M2 is zero or a positive
integer) is indicated by a first control signal, first
phase revolution controlling means for supplying
the first control signal to said first phase revolution
means, a first frequency divider for frequency-

- dividing a transmission frame clock signal and sup-

plying it to said first phase revolution controlling
means as a reset signal, and modulating means for
modulating the carrier by an output from said first
phase revolution means and transmitting it onto a
transmission path; and

on a reception side, demodulating means for demodu-

lating the transmission data from said transmission
path, second phase revolution means for subjecting
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an output from said demodulating means to
M2 90° phase revolution where M2 (M2 is zero
or a positive integer) is indicated by a second con-
trol signal, second phase revolution means, a sec-
ond control signal to said second phase revolution
means, a second frequency divider for frequency-
dividing a reception frame clock signal with the

same frequency dividing ratio as that of said first
frequency divider and supplying it to said second

phase revolution controlling means as a reset sig-
nal, a Viterbi decoder for decoding an output from
said second phase revolution means and outputting
it as reception data, and a monitor circuit for de-

tecting a frame step-out from an internal state of

said Viterbi decoder.
4. A frame step-out detecting system comprising:

on a transmission side, first violation means for sub-

jecting data to be transmitted to violation, and
modulating means for modulating a carrier by an
output from said first violation means and output-
ting a modulated signal to a transmission path; and
on a reception side, demodulating means for demodu-
lating the signal supplied from said transmission
path, second violation means for subjecting an
output signal from said demodulating means to
violation, and error detecting means for monitor-
Ing an internal state of said second violation means,
detecting a step-out of violation in said first and
second violation means, and outputting a signal
representing a frame step-out;

wherein said first violation means comprises a convo-
lutional encoder for receiving the data to be trans-
mitted, encoding it to an N-bit convolutional code,
and outputting part of the constituent bits of the
convolutional code to said modulating means as
part of an input thereto, means for receiving a
transmission from sync signal, a first pseudo-ran-
dom number generator for generating a first pseu-
do-random number, a first exclusive OR circuit for
obtaining an exclusive logical sum of the first pseu-
‘do-random number and a transmission frame sync
signal, and a second exclusive OR circuit for ob-
taining an exclusive logical sum of the output from
said first exclusive OR circuit and the remaining
bits of the N-bit code output from said convolu-
tional encoder and outputting it to said modulating
means as the remaining part of the input thereto;
and

sald second violation means comprises a Viterbi de-
coder for receiving a part of the output bits from
said demodulating means as part of an input
thereto, a second pseudo-random number genera-
tor for generating a second pseudo-random number
to be synchronized with the phase of said first
pseudo-random number means for receiving a re-
ception frame sync signal to be in synchronism
with the phase of said transmission frame sync
signal a third exclusive OR circuit for obtaining an
exclusive logical sum of the second pseudo-random
number and a reception frame sync signal, and a
fourth exclusive OR circuit for obtaining an exclu-
sive logical sum of the output from said third exclu-
sive OR circuit and the remaining bits of the output
bits from said demodulating means and outputting
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the input thereto;

whereby if the phases of the transmission and recep-
tion frame sync signals and the phases of the first

8

and second pseudo-random numbers are not syn-
chronized the remaining bits of said N-bit code are
not equal to the output from said fourth exclusive
OR circuit and said error detecting means outputs
a frame step-out signal.

5. A frame step-out detecting system comprising:
on a transmission side, first violation means for sub-

jecting data to be transmitted to violation, and
modulating means for modulating a carrier by an

output from said first violation means and output-
ting a modulated signal to a transmission path; and

on a reception side, demodulating means for demodu-

lating the signal supplied from said transmission
path, second violation means for subjecting an
output signal from said demodulating means to
violation, and error detecting means for monitor-
ing an internal state of said second violation means,
detecting a step-out of violation in said first and
second violation means, and outputting a signal
representing a frame step-out;

wherein said first violation means comprises a convo-

lutional encoder for receiving the data to be trans-
mitted, encoding it to an N-bit convolutional code,
and outputting a bit as part of the N-bit convolu-
tional code, and outputting a bit as part of the N-bit
output to said modulating means as part of an input
thereto, a first pseudo-random number generator
for generating a first pseudo-random number in
response to a transmission frame sync signal, and a
first exclusive OR circuit for obtaining an exclusive
logical sum of the first pseudo-random number and
the remaining bits of the N-bit output from said
convolutional encoder and outputting it as the
remaining part of the input to said modulating
means; and

said second violation means comprises a Viterbi de-

coder for receiving a part of the output bits from
saild demodulating means as part of an input
thereto, a second pseudo-random number genera-
tor for generating a second pseudo-random number
in response to a reception frame sync signal the
phase of which is to be in synchronism with the
phase of the transmission frame sync signal, and a
second exclusive OR circuit for obtaining an exclu-
sive logical sum of the second pseudo-random
number and the remaining bits of the outputs bits
from said demodulating means and outputting it as
the remaining part of the input to said Viterbi de-
coder;

whereby if the phases of the transmission and recep-

tion frame sync signals are not synchronized the
remaining bits of the N-bits code are not equal to
the bits output from the second exclusive OR cir-

cuit and said error detecting means outputs a frame
step-out signal.

6. A frame step-out detecting system comprising:
on a transmission side, first violation

eans for sub-
jecting data to be transmitted to violation, and
modulating means for modulating a carrier by an
output from said first violation means and output-
ting a modulated signal to a transmission path; and

on a reception side, demodulating means for demodu-

lating the signal supplied from said transmission
path, second violation means for subjecting an
output signal from said demodulating means to
violation, and error detecting means for monitor-
ing an internal state of said second violation means,
detecting a step-out of violation in said first and
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second violation means, and outputting a signal
representing a frame step-out;

wherein said first violation means comprises an en-
coder for encoding the data to be transmitted in
accordance with a predetermined trellis, mapping
means for mapping an output from said encoder,
first phase revolution means for phase-revolving an
output from said mapping means, first phase revo-
lution angle designating means for generating a

signal for determining a phase revolution angle of 10

said first phase revolution means, and a first fre-
quency divider for frequency-dividing a transmis-
sion frame sync signal and supplying it to said first
phase revolution angle designating means as a reset
signal; and |

said second violation means comprises second phase
revolution means for phase-revolving the output
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from said demodulating means, second phase revo-
lution angle designating means for generating a
signal for determining a phase revolution angle of
said second phase revolution means, a second fre-
quency divider for frequency-dividing a reception
frame sync signal, which is to be in synchronism
with the transmission frame sync signal, at the same
frequency division ratio as that of said first fre-
quency divider, and a Viterbi decoder for decoding
an output from said second phase revolution
means;

whereby when the phases of said transmission and

reception frame sync signals are not in synchro-
nism said error detecting means outputs a frame

step-out signal.
* * E * *
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